SUMMARY Patients being permanently paced for symptomatic AV block were studied by overdrive suppression of the QRS-inhibited pacemaker, in order to observe the underlying heart rhythm. The chest wall stimulation method was used.
The sudden failure of an implanted pacemaker has serious consequences in patients whose underlying rhythm is inadequate. Overdrive suppression of QRS inhibited pacemakers permits pacing to be stopped briefly and safely to reveal this rhythm (Barold et al., 1970; Samet et al., 1970) . The pulse generator may be inhibited by overdrive impulses from an external pacemaker, by passing a magnet over it (Thormann and Schwarz, 1975; Voukydis et al., 1975) , or by the use of an electronic programmer or rate controller (Latif and Ewy, 1977) . Repeated tests are of value in studying the progress of AV conduction disturbances.
The purpose of the present investigation was to study the usefulness of the overdrive suppression test at routine follow-up visits in a pacemaker clinic with respect to the distribution and progress of different grades of AV block and the various modes of escape rhythm in patients with complete AV block.
Patients and methods
Ninety-two patients (55 men, 37 women, average age 70 years) with QRS inhibited unipolar en-'Present address: Institute fcr Experimental Medical Research, UllevAl Hospital, Oslo, Norway. 'Present address: Med.avd.B., Rikshospitalet, Oslo, Norway. Received for publication 18 July 1977 docardial pacemakers were followed for at least one year. Routine pacemaker control studies were undertaken three monthly, during which suppression of the implanted pacemaker was performed. The indication for pacing was syncope in 62 patients and symptomatic bradycardia in 30. The aetiology of AV block was idiopathic in 55 cases, ischaemic in 23, and miscellaneous in 14 (aortic valvular disease, mitral valvular disease, rheumatoid arthritis, ankylosing spondylitis, temporal arteritis, and dystrophia myotonica). Thirty-five patients were taking no drugs regularly; 40 received maintenance doses of digitalis. The following pulse generators were in use: Medtronic 5843, 5943, 5945, 5961, 5951, Cordis Stanicor, Omni Stanicor, Elema 157, ELA Stanium, Stimulith.
The patients were examined in the supine position. The electrocardiogram (standard lead II) was displayed on an oscilloscope and recorded on paper at 25 mm/s. Impulses from an external constant current pacemaker, rate 120/min, amplitude approximately 10 mA, were applied with two skin electrodes across the implanted pulse generator to produce inhibition. In some patients this was repeated after an interval of at least one minute to observe the reproducibility of the escape rhythm. If no spontaneous rhythm appeared after 4 s, or if the patients complained of dizziness, the test was stopped immediately. His bundle potentials in 13 patients (Table 6) were not recorded simultaneously with the overdrive suppression tests. The majority of proximal AV blocks were seen in patients with constant early escape rhythm.
When the escape rhythm was followed for 3 minutes most patients showed a decrease in RR interval which followed an exponential curve (Fig. 1) . However, in the first 5 to 10 seconds the RR interval was often subject to large variation. After 2 to 3 minutes a stable RR interval was observed. Departures from this pattern were seen. A few patients had an exponential decrease in RR (Fig. 2) ; other patients had highly irregular RR intervals (Fig. 3) . The effect on escape rhythm recovery time of different durations of ventricular pacing was examined in a -few patients. In some of these patients a stepwise doubling of recovery time was recorded, with increasing pacing duration, probably owing to initial exit block (Fig. 4) Three sudden unwitnessed deaths occurred: 2 were in patients with consistent sinus rhythm, and 1 in a patient with intermittent complete AV block and no early escape rhythm.
Discussion
Overdrive suppression of implanted QRS-inhibited pacemakers has been introduced as a method of studying the underlying rhythm of paced patients and to select those who may be pacemaker dependent.
Based on this test the patients with complete AV block may be divided empirically into three clinical groups: patients with a constant early escape rhythm, an inconstant early escape rhythm, and with no early escape rhythm. In the latter category one fatality caused by proven asystole after accidental pacing failure was seen, and 2 more patients had multiple syncopal attacks, but 2 others arrived in hospital without serious symptoms. Patients with an inconstant early escape rhythm developed syncopal attacks after pacing failure in 2 out of 3 cases but even patients with a constant early escape rhythm had occasional syncope related to pacing failure. This is not surprising since the majority of these patients had Adams-Stokes attacks before permanent pacemaker implantation. Thus, our experience in 92 patients is that the overdrive suppression test is of clinical importance in the selection of pacemaker dependent patients.
Discrepancies between observations during the overdrive suppression test in the pacemaker clinic and observations during accidental pacing failure can probably be explained by the assumption that most episodes of accidental pacing failure develop gradually. In battery depletion the voltage will fall slowly, and for a short period borderline impulses will lead to intermittent pacing. Loss of contact related to breaks in wires or connections will probably also often initially be intermittent, with some impulses crossing high resistance fluid ill group.bmj.com on May 1, 2017 -Published by http://heart.bmj.com/ Downloaded from bridges. Thus, in effect, many such patients are weaned off artificial pacing, a situation in no way comparable to the abrupt cessation of pacing in a pacemaker clinic.
The escape rhythm recovery time was in most patients highly reproducible in repeated tests on the same day, and in many of those with a constant early escape rhythm it was remarkably stable for years. When the duration of overdrive ventricular pacing was increased the escape rhythm recovery time was prolonged, as a result of increased suppression of the intrinsic rhythm; occasionally, it was associated with a doubling or trebling of escape rhythm recovery time probably mediated by initial exit block of the escape focus. It has been observed by Langendorff and Pick (1971) and by Narula and Runge (1976) Occasionally ventricular fibrillation has been reported to follow severe bradycardia in patients with complete AV block, and Jensen et al. (1975) noted similar phenomena during threshold testing with Elema Vario pacemakers. The latter episodes may be related to subthreshold stimuli which arrive in the supernormal phase after a spontaneous escape beat, and thus to asynchronous pacing during magnet tests. No episodes of ventricular fibrillation were met with during the overdrive suppression test.
As a routine, implanted pacemakers were suppressed for only 4 seconds while awaiting the emergence of an escape rhythm. At times, however, this period was exceeded and escape rhythms with a later onset were seen which nevertheless became stable and adequate, particularly in patients with presumed initial exit block from the escape focus.
Conclusion
The overdrive suppression test of implanted QRSinhibited pacemakers can easily be used as a routine test in a pacemaker clinic, provided the electrocardiogram is adequately monitored. The underlying cardiac rhythm can be recorded and the progress of AV conduction disturbances observed with repeated tests. The overdrive suppression test is helpful in selecting patients prone to asystole or severe bradycardia after accidental pacing failure.
The escape rhythm recovery time is remarkably constant in many patients. Occasionally a doubling of escape rhythm recovery time can be observed. This may be the result of initial exit block from the escape rhythm focus. When the escape rhythm is recorded for 2 to 3 minutes an exponential decrease in RR interval occurs after an initial irregular phase of 5 to 10 seconds. This may indicate that the effect of overdrive suppression of the permanent pacemaker on the escape focus is two different mechanisms, one fast and one slow. In a few patients other patterns of escape rhythm are seen. These patterns may be related to interference between nearby escape foci, to exit block, or to other un- 
